A series of 2-(2-aminophenyl)-4-arylquinazoline derivatives (5a -j), with various 4-substituents, have been synthesized by one-pot cyclization in 66 -79 % yield by heating 2-aminoarylbenzimidamides 3a -j with isatoic anhydride (4). The high yield and simplified workup procedure, in addition to the neutral reaction conditions, are the main advantages of our approach. The structure of the product 5e was further confirmed by single-crystal X-ray structure analysis.
Introduction
Quinazoline derivatives constitute an important class of heterocyclic compounds; they form a large number of products with a broad spectrum of biological activities, such as hypnotic, antibacterial, anticancer, analgesic, antiallergic, anticonvulsant, antimalarial, antidiabetic, and other effects [1 -7] . For this reason their synthesis has received considerable attention. Quinazoline derivatives can be prepared by heating isatoic anhydride with diamines [8] or by condensing 2-aminobenzimidamides with aldehydes [9, 10] . Recently, quinazoline derivatives have been obtained by heating 2-aminobenzamides with aldehydes [11] , or by heating isatoic anhydride with azomethines [12] or aldehydes in the presence of ammonium acetate [13] . Heterocyclization of aminobenzimidamides with isatoic anhydride, however, has been largely overlooked.
Results and Disccusion
2-Aminoarylbenzimidamides 3a -j used in this study were made in good yields by treatment of 2-aminobenzonitrile (1) with aniline derivatives 2a -i in the presence of aluminum chloride as a catalyst (Scheme 1) and were fully characterized by spectral as well as X-ray structural analyses [14] .
High yields of 2-aminoarylbenzimidamides 3a -j were obtained by using equimolar ratios of the reactants at 170 -180
• C [14] . Most of the known syn-0932-0776 / 09 / 0800-0945 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com theses of quinazoline derivatives, such as those using various catalysts such as Yb(OTf) 3 [15] , Nafion-H [16] , Bi(TFA) 3 -FeCl 3 [17] , silica gel/FeCl 3 [18] , La(NO 3 ) 3 ·6H 2 O [19] , and KAl(SO 4 ) 2 ·12H 2 O [20] require either reflux for several hours in a large volume of solvent, or the use of an expensive catalyst. Continuing our work on the synthesis of 2,4-disubstituted quinazoline derivatives, in this report we describe the reaction of 2-aminobenzimidamides 3a -j with isatoic anhydride (4) as a simple approach for 2,4-disubstituted quinazolines. We found that heating equimolar ratios of 2-aminoarylbenzimidamides 3a -j with isatoic anhydride (4) in absolute ethanol for 2 -3 h yielded 2-(2-aminophenyl)-4-arylquinazoline derivatives 5a -j in 66 -79 % yield (Scheme 2).
The formation of the products 5a -j can be rationalized according to the pathway shown in Scheme 3.
With regard to the reaction mechanism, we propose that the condensation reaction begins with a decarboxylation of 4 to the ortho-quinoid intermediate 6. This iminoketene can subsequently be attacked by 3a -j yielding intermediates 7, which could cyclize to 8 by loss of water. Two hydrogen shift processes would finally lead to the formation of 5, the driving force being largely provided by rearomatization.
The structures of the products 5a -j were fully characterized and elucidated on the basis of spectral and analytical data. The structure of the selected example 5e was further confirmed by X-ray structural analysis, as shown in Fig. 1 . The bicyclic system is essentially
Scheme 1. Synthesis of 2-aminoarylbenzimidamides 3a -j.
Scheme 2. Reaction of 2-aminoarylbenzimidamides 3a -j with isatoic anhydride (4).
planar (mean deviation 0.05Å) and subtends angles of 13 • and 63 • to the rings C11-16 and C22-26, respectively. The near-coplanarity to C11-16 is connected with the intramolecular hydrogen bond N18···N1. The other two NH functions form intermolecular hydrogen bonds N18···N3 and N19···N1 , which serve to connect the molecules to layers parallel to the crystallographic yz plane. The detailed spectral data are given in the Experimental Section, and only the salient features are discussed here.
The IR spectra of compounds 5a -j show, besides the absorption at ν = 1617 -1605 cm −1 corresponding to the C=N group, three distinguishable absorptions in the range ν = 3489 -3211 cm −1 related to both NH and NH 2 groups. The protons of these groups resonate in the 1 and one doublet at δ = 7.86 (J = 3.80 Hz) related to 5-H and 6,7-H, respectively. The 13 C NMR spectrum exhibits twenty distinct resonances in agreement with the quinazoline derivative 5j. Twelve of them are secondary, and the rest are quaternary carbon atoms. Two of the quaternary carbon atoms resonate at δ = 161.14 and 156.81 ppm characteristic for C-4 and C-2, respectively; C-11 appears at δ = 113.12 ppm, and the four secondary 1,4-disubstituted aromatic car-Scheme 3. Rational pathway for the formation of the products 5a -j.
bon atoms (C-20,22,19,23) resonate at δ = 131.31, 124.31 ppm. The IR, 1 H NMR and 13 C NMR spectra of 5i are similar to those of 5j (see Experimental Section). Both mass spectra and elemental analyses confirm the molecular formulae of the products 5a -j.
Conclusion
New heterocyclic systems, which might possess interesting biological properties, have been synthesized. Herein we report a simple and efficient onepot synthesis of 2-(2-aminophenyl)-N-arylquinazolin-4-amine derivatives under mild conditions with good yield. In all cases the reaction of two components proceeded rapidly to afford the corresponding desired products.
The structure of the selected example 5e was elucidated by single X-ray structural analysis. The mechanism of formation of the obtained products 5a -j has been rationalized.
Experimental Section

Starting materials
All reagents were purchased from Alfa Aesar, Fluka, Acros, and Aldrich companies and were used without further purification. 2-Aminoarylbenzimidamide derivatives 3a -j were prepared according to ref. [14] . Melting points were measured in capillary tubes without corrections using a Büchi 530 melting point apparatus. IR spectra were run as KBr discs using a Bruker Tensor 27 instrument. The NMR spectra were recorded on a Bruker AM 400 MHz spectrometer with TMS as internal standard; the coupling constants are given in Hz. The mass spectra (EI, 70 eV) were performed using a Finnigan MAT 8430 spectrometer.
Reactions of 2-aminoarylbenzimidamides 3a -j with isatoic anhydride (4)
General procedure
In a three-necked flask fitted with a reflux condenser a solution of 0.25 mmol of 2-aminoarylbenzimidamides 3a -j in 15 mL of absolute ethanol was added dropwise under nitrogen to a solution of 0.25 mmol of isatoic anhydride (4) in 20 mL of absolute ethanol at r. t. The reaction mixture was heated under gentle reflux for 2 -3 h. The progress of the reaction was monitored by TLC, and after completion, the mixture was cooled to r. t. The solvent was removed under reduced pressure, and the residue was purified by silica gel chromatography using ethyl acetate / n-pentane (3 : 1) as the eluent to give the desired products as off-white to yellow solids in 66 -79 % yield. The structure was refined using SHELXL-97 [21] . NH hydrogen atoms were refined freely; the methyl group at C26 was refined as an idealized rigid group and that at C27, rotationally disordered, as an idealized hexagon of half-occupied hydrogen positions; other H were included using a riding model. The final wR2 (all reflections) was 0.100 for 3681 intensities and 249 parameters, with R1 [I ≥ 2σ (I)] = 0.036; S = 1.08, max. ∆ρ = 0.22 eÅ −3 .
2-(2-Aminophenyl)-N-phenylquinazolin-4-amine (5a)
Colorless(10), 92 (28), 77 (20). -C 20 H 16 N 4 (312.37): calcd. C 76.90
2-(2-Aminophenyl)-N-(2,5-dichlorophenyl)quinazolin-4-amine (5c)
Colorless
2-(2-Aminophenyl)-N-(3,4-dichlorophenyl)quinazolin-4-amine (5d)
2-(2-Aminophenyl)-N-(2,4-dimethylphenyl)quinazolin-4-amine (5e)
Pale
2-(2-Aminophenyl)-N-p-tolylquinazolin-4-amine (5f)
2-(2-Aminophenyl)-N-(4-methoxyphenyl)quinazolin-4-amine (5g)
CCDC 726886 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
